1Wo hundred and thirty-five consecutive Saudi patients aged between two and fifty-three years undergoing elective tympanoplasty (n =32), septorhinoplasty (n = 68) or adenotonsillectomy (n =135) were studied. They were randomized to receive either a total intravenous anaesthetic (10 ears, 23 noses, 44 throats) consisting of propofol for induction of anaesthesia followed by a propofol infusion, a combined intravenous-inhalational anaesthetic (11 ears, 22 noses, 46 throats) consisting of the above with isof/urane in oxygen-enriched air, or a balanced inhalational anaesthetic (11 ears, 23 noses, 45 throats) consisting of thiopentone for induction of anaesthesia and oxygen in nitrous oxide with isof/urane for maintenance.
effect'3. However, the potential for awareness with TIVA has encouraged some anaesthetists to combine a propofol infusion with a trace concentration of inhaled isoflurane'4.
A balanced inhalational anaesthestic technique is the popular alternative to total intravenous anaesthesia for in-patient ENT surgery. Thiopentone, as an induction agent, has enduring popularity". Isoflurane is becoming the volatile inhalational agent of choice'6 because of its lack of hepatotoxicity'\ and it is especially useful in ENT surgery due to its safety in the presence of exogenous catecholamines' 8 , rapid awakening'8 and minimal emesis'9. Nalbuphine, as the analgesic adjunct to a balanced technique, is similarly or more efficacious, but with less emetic side-effects, than morphine'°, pethidine 21 ,22 and fentanylW25. It has the advantages, also, of having a ceiling effect on respiratory depression 26 and of being non-addictive. In our institution, nalbuphine and pethidine have proven superior to buprenorphine, diclofenac, fentanyl and morphine as the analgesic supplement to general anaesthesia using thiopentone, nitrous oxide and isoflurane for ENT surgery27.
The present study was undertaken to rationalize the choice of anaesthetic technique for routine in-patient tympanoplasty, septorhinoplasty and adenotonsillectomy, and to study the relative frequencies of vomiting and headache following such surgeries. We compared the intraoperative, recovery and postoperative features associated with a total intravenous anaesthetic using propofol, a balanced inhalational anaesthetic using nitrous oxide and isoflurane, and a combined propofol infusion with isoflurane inhalational anaesthetic, each supplemented with nalbuphine.
METHODS
With Hospital Ethics Committee approval and patient or parent consent, 235 consecutive Saudi nationals of ASA grade I and 11 aged between two and fifty-three years scheduled for elective tympanoplasty, septoplasty or rhinoplasty, or tonsillectomy (with or without adenoidectomy) were studied.
All patients were premedicated with oral diazepam (0.3 mg.kg-I , maximum 20 mg) and metoclopramide (0.15 mg.kg-I , maximum 10 mg), and topical EMLA cream applied to the dorsum of the left hand two hours preoperatively. On arrival in the operating theatre each patient was randomly allocated, with respect to gender and site of surgery, to receive either a total intravenous (TIVA), balanced inhalational (BINHA) or a combined intravenous-inhalational (COMBA) anaesthetic. Following the application of ECG, pulse oximetry and automated blood pressure monitoring, an intravenous cannula was inserted and preoxygenation commenced.
The TIVA group received propofol 2.0 mg.kg-I mixed with lignocaine 2070 0.5 mg.kg-I , atracurium 0.6 mg.kg-I and nalbuphine 0.2 mg.kg-I at induction of anaesthesia. A propofol infusion was then commenced at 10 mg.kg-I.hr-I. The patients' lungs were ventilated with oxygen-enriched air (Fi02 0.33) via a facemask and circle absorber system (with vaporizer out of circuit) for two minutes, following which the vocal cords were sprayed with lignocaine 10% 1.0 mg.kg-I and endotracheal intubation performed. The propofol infusion was continued at 10 mg.kg-I.hr-I for the next 15 minutes, and then reduced to 5 mg.kg-I.hr-I for the duration of surgery. This infusion regimen was used since the infusion rate in ml.hr-I can be easily extrapolated from the body weight (10 mg.kg-I.hr-I = 70 ml.hr-I and 5 mg.kg-I.hr-I = 35 ml.hr-I in a 70 kg patient). The COMBA group received the same drugs and anaesthetic technique, except that their lungs were ventilated throughout surgery with oxygen-enriched air (Fi02 0.33) containing isoflurane 0.6 to 0.8%. The Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 BINHA group received thiopentone 4.0 mg.kg-I , lignocaine 0.5 mg.kg-I , and the same doses of atracurium and nalbuphine, following which their lungs were ventilated with oxygen in nitrous oxide (Fi02 0.33) and isoflurane 0.6 to 0.8%. Ventilation was controlled in all patients with a tidal volume of 10 ml.kg-I , an I:E ratio of 1:3 and a rate of 8 to 16 breaths.min-I as required to maintain an end-tidal C02 tension of 4.5 to 5.0 kPA using the circle absorber system and an Ohmeda AV7700 ventilator. An increase in the heart rate or systolic arterial pressure of more than 30% of the pre-induction level was treated with increments of propofol (0.2 mg.kg-I ; TIVA and COMBA) or an increased fractional inspired isoflurane (1.2 to 1.6%) until haemodynamic stability was restored.
Patients were positioned supine for adenotonsillectomy, or tilted 5 ° to 10 ° head up for septorhinoplasty and tympanoplasty. Patients undergoing septorhinoplasty or tympanoplasty had their nasal mucosa or retro-aural skin infiltrated with 0.15 ml.kg-I lignocaine 1% containing adrenaline 1:200,000 by the surgeon prior to commencing surgery to reduce bleeding. Patients undergoing tympanoplasty received hypotensive anaesthesia using an initial bolus dose of labetalol 1 mg.kg-I followed by an infusion of nitroglycerine at 0.5 J.tg.kg -I.min -I to maintain a mean arterial pressure of 60 to 70 mmHg. Ringer lactate or dextrose saline was infused at 8.0 ml.kg-I.hr-I intraoperatively and continued postoperatively at 2.0 ml.kg-I.hr-I until oral fluids were commenced. Intraoperative monitoring of ECG (Hewlett Packard 80300A), blood pressure (Dinamap Critikon 18465X), oxygen saturation (Ohmeda Biox 3700), end-tidal C02 tension (Hewlett Packard 47210 Capnometer), inspired oxygen concentration (Oxychek Critikon) and ventilation settings (Ohmeda AV7700 ventilator displaying expired minute volume, tidal volume, I:E ratio and respiratory rate) provided sources for data. Neuromuscular blockade was monitored using a Ministim peripheral nerve stimulator. At the end of anaesthesia, residual neuromuscular blockade was reversed with neostigmine 0.035 mg.kg-I and atropine 0.017 mg.kg-I. Anaesthetic agents were then discontinued and 100% oxygen was commenced until spontaneous ventilation was restored and the patients extubated. Pethidine, paracetamol and prochlorperazine were prescribed for postoperative pain, pyrexia (oral temperature> 38.0°C) and emesis.
The relevant intraoperative variables were recorded by an anaesthetist not involved in the study, from data displayed on the monitors. To ensure observer blindness, the anaesthetic techniques were coded X (TIVA), Y (BINHA) and Z (COMBA), and all data collection forms were encoded as appropriate. Nurses in the recovery ward recorded details of vomiting, antiemetic and analgesic requirements. In the absence of hypoxia, full bladder and inadequate reversal of neuromuscular blockade, the latter was assessed according to a restlessness and pain score on which patients were graded (0 = restful, pain-free; 1 = mild restlessness, mild pain, responding to nursing care; 2 = moderate restlessness, moderate pain, requiring intravenous analgesia; 3 = severe restlessness, severe pain, requiring intravenous analgesia and physical restraint»'. Nurses also monitored recovery from anaesthesia by recording the awakening time, defined as the time to eye-opening in response to a command s, and the recovery ward time, defined as the time to when the patient was fit for discharge to the surgical ward, with stable vital signs, return of consciousness and orientation in person and placeS. During the first 24 hours in the surgical ward, further note was made by nurses of vomiting (its time of onset and severity28, analgesic usage (the overall requirements and whether given for headache, surgical pain or pyrexia) and the time to the first requirement of analgesia. On the day following surgery, a participating anaesthetist, also blind to the anaesthetic technique used, and conversant in Arabic, visited the ward to review drug, fluid balance and nursing records. Data sheets were collected and patients were interviewed with regard to headache, awareness during anaesthesia and their satisfaction with their anaesthetic.
Data were analyzed using the analysis of variance (ANOVA), Student's t, Chi-squared, Fisher's Exact and Mann-Whitney U tests. Tests were two-tailed, with Yates' correction where appropriate. Statistical significance was assumed at P<O.05. A mean restlessness: pain score is included in Table 3 for illustrative purposes.
RESULTS
Two hundred and thirty-five patients aged between two and fifty-three years were studied. For each surgical site subgroup and overall, there were no differences between anaesthetic techniques with regard to number, sex ratio, age, weight and duration of anaesthesia (Table  1 ). In this hospital tonsillectomy is often performed on adults; of those undergoing this procedure the proportions of children (up to age 13 years) to adults (14 years and over) was similar in each anaesthetic subgroup (number ratios TIVA 28:16, COMBA 28:18, BINHA 26:19, respectively).
There were no significant changes in heart rate associated with induction of anaesthesia, though patients given thiopentone (BINHA) tended to show a consistent but non-significant increase in heart rate (AN OVA test) compared with those given propofol for induction. Following induction, patients undergoing tympanoplasty were given labetalol followed by a nitroglycerine infusion. This, in association with each of the anaesthetic techniques, resulted in a uniform decrease in heart rate which was more consistent in patients given balanced inhalational anaesthesia. Those undergoing septorhinoplasty or adenotonsillectomy under balanced inhalational anaesthesia also tended to show a progressive decrease in heart rate. TIVA and COMBA anaesthesia produced stable heart rates in patients undergoing nose surgery but produced an increase in heart rate in those undergoing throat surgery ( Figure I) .
The mean arterial pressure rose consistently, but not significantly, in patients given thiopentone for induction of anaesthesia (BINHA), but fell significantly in those given propofol (TIVA and COMBA). Following induction, patients undergoing tympanoplasty received labetalol followed by a nitroglycerine infusion. Similar levels of hypotension were maintained in all these patients regardless of anaesthetic techniques. Those undergoing septorhino-· plasty or adenotonsillectomy and who received BINHA or COMBA type anaesthetic maintained stable mean arterial pressures, whilst patients who received TIVA showed a progressive rise in mean arterial pressure. The extent of this rise also increased during surgery, especially in those undergoing adenotonsillectomy (Figure 2 ).
In the recovery ward only three patients vomited. Each had received a BINHA anaesthetic, and none received an antiemetic. The usage of analgesics and restlessness-pain scores were similar following all three types of anaesthetic given in each surgical site subgroup ( Table 2 ).
In patients who underwent adenotonsillectomy, awakening occurred significantly earlier in those who had received TIVA. The awakening time was similar in patients undergoing tympanoplasty or septorhinoplasty irrespective of the type of anaesthetic given. was similar in all groups, but was delayed following tympanoplasty in patients who received TIVA (Table 3 ).
In the postoperative surgical ward the incidence of vomiting and antiemetic usage was similar with all anaesthetic types given to each surgical site subgroup. In patients who had septorhinoplasty and received TIVA, the number of multiple vomits was significantly lower and the first vomit occurred later than in those who received COMBA or BINHA. The number of multiple vomits was higher, however, in patients who received TIVA and had adenotonsillectomy. The incidence of vomiting (and antiemetic usage) was more frequent in patients who had tympanoplasty (overall incidence 560/0), less frequent after septorhinoplasty (overall incidence 35%), and least frequent in those who had adenotonsillectomy (overall incidence 24%). Overall, vomiting occurred in about a third of all patients (Table 4) .
Analgesic requirements for headache and surgical pain were similar irrespective of the type of anaesthetic requirements were increased in those who received TIVA, though this also appeared to be mainly for the control of pyrexia. The mean times to the first administration of analgesia were similar in all groups (Thble 5). The incidence of headache was similar irrespective of the type of anaesthetic given to each surgical site subgroup. It occurred, however, most frequently in patients who had septorhinoplasty (P< 0.001 vs adenotonsillectomy, P < 0.025 vs tympanoplasty, chisquared) and least frequently in patients who had adenotonsillectomy (P < 0.001 vs septorhinoplasty, P<0.025 vs tympanoplasty, chi-squared). Overall headache occurred in nearly half of all patients ( Table 6 ).
Awareness during anaesthesia was not reported by any patient postoperatively. Almost all patients (93 to 960/0) were satisfied with their anaesthetic and similar mean maximum body temperatures (around 37.6°C) were recorded postoperatively in each study group.
DISCUSSION
This study was performed in order to compare three techniques of anaesthesia for in-patient tympanoplasty, septorhinoplasty and adenotonsillectomy. Features considered desirable were the maintenance of a stable heart rate and blood pressure intraoperatively, the absence of awareness during anaesthesia, rapid smooth emergence from anaesthesia, residual postoperative analgesia and a low incidence of postoperative vomiting and headache. For middle ear surgery, induced hypotension may be desirable to reduce intraoperative bleeding and provide improved operating conditions. The total intravenous, balanced inhalational and combined intravenousinhalational anaesthesia regimens used here, each supplemented with labetalol and glyceryl trinitrate to induce hypotension and reduce surgical bleeding, produced satisfactory falls in heart rate and blood pressure. With nasal and pharyngeal surgery, severe surgical manoeuvres tend to produce tachycardia and hypertension, which may increase perioperative bleeding. In this study balanced inhalational and combined anaesthesia produced haemodynamic stability in patients undergoing septorhinoplasty, whereas total intravenous anaesthesia was associated with an undesirable rise in blood pressure. Only balanced inhalational anaesthesia produced haemodynamic stability in patients undergoing adenotonsillectomy. Perhaps a higher rate of infusion of propofol would have attenuated the rise in heart rate and the rise in both heart rate and blood pressure in patients who received combined or total intravenous anaesthesia respectively for this type of surgery.
In previous studies, recovery from anaesthesia has been shown to be more rapid following propofol than following either thiopentone 29 or isoflurane 30 • In our study, patients receiving TIVA awoke more rapidly only after adenotonsillectomy, while awakening times after tympanoplasty or septorhinoplasty were similar. The overall times spent in the recovery ward were similar (about 25 to 30 minutes), as were the incidences of vomiting, antiemetic usage, analgesic usage and the extent of restlessness. These observations suggest that, for inpatient surgery, none of the three techniques studied has any distinct advantage as regards recovery characteristics.
The incidence of postoperative vomiting in the surgical ward was about 30070 regardless of the type of anaesthestic given. Vomiting rarely occurred in the recovery ward, was most common in the surgical ward, and usually occurred some six to seven hours postoperatively. Overall, emesis occurred most frequently following tympanoplasty (in about 50% of patients), less frequently after se pto rhinoplasty (in about 33% of patients) and least frequently following adenotonsillectomy (in about 25% of patients). This observation confirms the tendency of tympanic surgery to cause emesis 31, and also suggests that nasal septal surgery is more likely to result in emesis than adenotonsillectomy. More importantly, none of the anaesthetic techniques studied showed any advantage with regard to postoperative vomiting, suggesting that propofol may not have antiemetic properties as suggested by previous studies 13, I4, and that prophylactic antiemetic therapy is especially indicated during anaesthesia for middle-ear and nasal surgery.
The incidence of postoperative headache was almost 50% regardless of the type of anaesthetic given. Overall, headache, usually of a frontal nature, occurred most frequently (in about 75% of patients) following septorhinoplasty, less frequently (in about 50% of patients) after tympanoplasty and least frequently (in about 25% of patients) after adenotonsillectomy. However, none of the anaesthetic techniques studied were advantageous with regard to postoperative headache with each type of surgery. The use of analgesics to treat headache and surgical pain following surgery on each surgical site were similar for each type of anaesthetic. Overall, however, those receiving TIVA required significantly more analgesics in the post-operative period, though this appeared to be mainly for the control of pyrexia after se pto rhinoplasty and adenotonsillectomy. It was not related to any quicker awakening and lesser postoperative sedation as might be expected following TIVA.
In selecting an anaesthetic technique for any routine inpatient surgery, consideration needs to be given to drug costs and equipment. The cost of a TIVA anaesthetic using propofol is marginally greater (a factor of 1.28) than that of a BINHA anaesthetic using isoflurane following induction of anaesthesia with thiopentone 32 . The COMBA anaesthetic would be slightly more expensive than either. However, both the TIVA and COMBA anaesthetics require infusion pumps, additional disposables (syringes and delivery tubing) and anaesthetic machines capable of delivering air, all of which may not be routinely available. In addition, these techniques require vigilant monitoring of infusion rates during anaesthesia, frequent re-filling of syringes and the occasional waste of unused or contaminated syringes filled with propofol. On the contrary, the BINHA anaesthetic requires a simple anaesthetic machine capable of delivering nitrous oxide and oxygen, and fitted with an isoflurane vaporizer. Though more user friendly, the latter technique does have the potential disadvantage of theatre pollution where scavenging is not available.
Further considerations affecting the choice of anaesthetic technique for routine inpatient surgery are the relative efficacies and side-effects of the anaesthetic drugs used. Thiopentone has a proven safety record spanning 50 years", with only rare instances of bronchospasm marring its routine use. Isoflurane has the most desirable pharmocological profile of the currently widely used volatile anaesthetic agents, and is the least toxic! 7 ,18. Of the analgesics used in routine practice, nalbuphine has the advantage of not releasing histamine 33 , of having a ceiling effect to depress respiration 26 , and of possessing similar or superior recovery and postoperative effects compared with buprenorphine, diclofenac, fentanyl and morphine 27 . However, it does cause pain when injected intra-muscularly34 and intravenously3s. Propofol is currently popular both as an intravenous induction and intravenous infusion agent, but is associated with a growing list of side-effects. These include pain on injection 36 , facial paraesthesias 37 , movements 38 , convulsions 39 , hypotension 40 , coughing and bronchospasm4! during the induction of anaesthesia, and bradycardia 42 during the subsequent infusion of propofol. Following anaesthesia, convulsions 4 3, opisthotonos and other neurological sequelae 44 , hallucinations 4s , dreaming 46 , withdrawal symptoms 4 \ infections 48 , cutaneous 49 and ocular allergies SO , and green discolouration of the Anaesthesia and Intensive Care, Vol. 23, No. 5, October /995 urine S ! have been reported. These reports suggest that propofol may not be as safe an induction agent as thiopentone.
In conclusion, the results of this study reveal no demonstrable or compelling advantages in favour of either the total intravenous or combined intravenousinhalational anaesthetic techniques described for ENT surgery. Though these methods do have the theoretical advantage of avoiding nitrous oxide in middle-ear surgery, their routine use in this hospital was more cumbersome and may, elsewhere, be militated against by cost and lack of equipment. Conversely, the balanced inhalational technique proved suitable for all these three types of ENT surgery, and less cumbersome. The technique as described (using thiopentone, atraciurim, isoflurane and nitrous oxide, supplemented with nalbuphine or pethidine 27 ), is now routinely used to provide anaesthesia for tympanoplasty, septorhinolasty and adenotonsillectomy in this hospital, except that nitrous oxide is discontinued some fifteen minutes prior to placement of the tympanic graft during tympanoplasty.
